Objective To detect the aggressive phenotype (AP) of non-alcoholic fatty liver disease (NAFLD) based on the initial laboratory data and clinical characteristics. Methods We enrolled 144 patients with histologically proven NAFLD. For the first analysis, 24 NAFLD patients underwent repeat biopsy to establish a discriminant formula for predicting the AP of NAFLD (D-APN). The AP was defined by NAFLD that had been maintained or progressed to a fibrotic stage beyond stage 2. In the second analysis, we analyzed the distribution of the AP in each stage of disease and the incidence of the PNPLA3 rs738409 GG genotype in AP in 120 other patients. Results After the analysis, the following function was found to discriminate the disease phenotype: z=0. The distribution of the AP and the incidence of the PNPLA3 GG genotype in the AP in each stage of the disease among the 120 patients were as follows: non-alcoholic fatty liver, 30%/33%; non-alcoholic steatohepatitis (NASH) stage 1, 53%/26%; stage 2, 71%/70%; stage 3, 92%/57%; and stage 4, 93%/64%; there was a significant increase in the incidence of the AP as the disease progressed (p<0.001). Conclusion The new discriminant formula was useful for predicting disease progression potential in NAFLD patients and the incidence of the PNPLA3 GG genotype was elevated according to the distribution of AP.
Introduction
Non-alcoholic fatty liver disease (NAFLD) is a common cause of chronic liver disease in Western countries (1) (2) (3) (4) and -more recently -in many Asian nations (5, 6) . In particular, patients with non-alcoholic steatohepatitis (NASH), a subcategory of NAFLD, are at increased risk of developing hepatocellular carcinoma (7) . Similar to individuals with viral hepatitis, patients with NAFLD and advanced fibrosis have a higher risk of hepatocarcinogenesis (8) (9) (10) .
In addition, we often encounter patients who have the same fibrotic stage at diagnosis of NAFLD; however, during follow up, they present with different progression patterns (i.e., the progression of fibrosis will be extremely rapid in one patient and very slow in another -during the same follow-up period).
Thus, there is a need to be able to identify the rapid progressive type, or the "aggressive phenotype" and the slow progressive type, or the "indolent phenotype" at an earlier fibrotic stage; this would enable the more intensive follow-up of patients with the aggressive phenotype.
To date, several non-invasive scoring systems (NAFLD fibrosis score, BARD score, APRI and FIB-4 index) (11) (12) (13) (14) have been constructed for the purpose of discriminating severe hepatic fibrosis from mild fibrosis; however, these scoring systems only estimate the current fibrotic stage, and cannot predict the speed of disease progression in the early stage of the disease.
Thus, the first aim of the present retrospective study was to define the rapid progressive type, or "aggressive phenotype" of NAFLD using a non-invasive discriminant formula that does not depend on the various markers of fibrosis (i.e., hyaluronic acid, type-IV collagen 7S).
Recently the impact of the PNPLA3 genotype on the pathogenesis and genetic risk of NAFLD appears to be straightforward (15) (16) (17) (18) (19) , and Hotta et al. reported that the Gallele of rs738409 was significantly associated with increases in the fibrotic stage in NAFLD patients, even after adjustment for age, gender, and BMI (17) . Thus, another aim of the present study was to elucidate the relationship between the aggressive phenotype and the rs738409 GG genotype.
Materials and Methods

Study population
From January 1980 to July 2015, 220 patients were histopathologically diagnosed with NAFLD at Toranomon Hospital, Tokyo, Japan; 144 of these patients were enrolled in this retrospective study. The criteria for inclusion were as follows: (1) past daily alcohol intake of <20 g; (2) no underlying viral hepatitis, autoimmune hepatitis, drug-induced liver disease, or primary biliary cirrhosis; (3) no underlying systemic autoimmune diseases, such as systemic lupus erythematosus or rheumatoid arthritis; (4) no underlying metabolic diseases, such as hemochromatosis, alpha-1-antitrypsin deficiency, or Wilson disease; and (5) an analysis of the PNPLA3 rs738409 genotype and m-AST (a marker of apoptosis) at the time of the initial biopsy.
We divided these 144 patients into two groups. One group was the construct group, which included 24 patients who received repeat biopsy. In addition to the above-mentioned inclusion criteria, these patients also satisfied the following criteria: (1) all patients underwent examination for mitochondrial-AST (m-AST) (a marker of necroapoptosis) in several biopsies, (2) the fibrotic stage was maintained or progressed in comparison to the initial biopsy, and (3) the biopsies were performed over a period of more than one year.
The other group was the validation group, which included 120 patients with histologically proven NAFLD. The study was approved by the Institutional Review Board of Toranomon Hospital.
The definition of diabetes mellitus
Diabetes mellitus was diagnosed based on the 2010 criteria of the American Diabetes Association (20 NAFLD activity was scored using "The NAFLD Activity Score (NAS)," an eight-grade scale proposed by Kleiner et al. (22) , which is determined based on the unweighted sum of the scores for steatosis (0-3), lobular inflammation (0-3), and ballooning degeneration (0-2).
The definition of the disease phenotype of NAFLD (aggressive or indolent)
In this study, we defined the aggressive phenotype as one that was maintained or progressed to a fibrotic stage of ! 2; in contrast, in patients with the indolent phenotype, the fibrotic stage was maintained at <2 after several biopsies (Fig. 1a) .
For example, a patient with stage 2 fibrosis at the first biopsy ( Fig. 1b) and stage 3 fibrosis at the second biopsy ( Fig. 1c) , would be classified as having the aggressive phenotype.
Statistical analysis
Non-parametric procedures, including the chi-squared test and the Mann-Whitney U test, were employed for the analysis of background characteristics and laboratory data among the patients with each phenotype at the time of the first biopsy. The Cochran-Armitage trend test was used to investigate the significance of trends in the incidence of the aggressive phenotype and the rs738409 GG genotype in patients with the aggressive phenotype based on pathological fibrotic stage. The Kolmogorov-Smirnov one-sample test was used to evaluate the normality of the distribution of the data.
Because certain variables did not completely conform to a normal distribution, the bilirubin, AST, m-AST, ALT, GGT, triglyceride, and ferritin were subjected to natural logarithmic transformation. Following natural logarithmic transformation, each of the factors was normally or symmetrically distributed. After these procedures, the following discriminant analysis became rationally robust against deviations from normal distribution. All of the factors that were found to be at least marginally associated with the aggressive phenotype of NAFLD (p <0.05) in a univariate analysis were simultaneously entered into a multivariate discriminant analysis to predict the aggressive phenotype of NAFLD.
The sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) for identifying the aggressive phenotype and the indolent phenotype were determined for this discriminant formula. Next, we validated the obtained predictive function using the data from the remaining 120 patients in the validation dataset.
The data were analyzed using the SPSS software program (version 16.0 for Windows; SPSS, Chicago, IL, USA).
Results
The laboratory data for each phenotype (aggressive or indolent) in the construct group Table 1 summarizes the profiles and data of 24 NAFLD patients who received repeat biopsy, according to the disease phenotype (aggressive or indolent). Patients with the aggressive phenotype were significantly older and had significantly higher BMI, serum AST and m-AST values than those with the indolent phenotype. In addition, the serum ferritin level tended to be higher in patients with the aggressive phenotype. As for interval of the biopsy period, patients with the indolent phenotype presented with a significantly longer interval than those with the aggressive phenotype.
The discriminant formula generated from the construct group nant formula for predicting the aggressive phenotype of NAFLD, named "D-APN"). This discriminant formula has a sensitivity of 89%, a specificity of 83%, a PPV of 94%, and an NPV of 71%.
The validation of the discriminant function
The distribution of the scores of the 120 patients in the validation group is shown in Table 2 . The discriminant formula scores were gradually elevated along with the stage of progression, and their distribution was significantly different among several stages of fibrosis. Fig. 2 shows the ratio of the aggressive phenotype and the PNPLA3 rs738409 GG genotype in patients with the aggressive phenotype of NAFLD in each histological stage of NAFLD. The ratio of the aggressive phenotype of NAFLD was significantly elevated along with the stage of progression (p<0.001), and more than 70% of the patients with stage ! 2 fibrosis had the aggressive phenotype. Similarly, the incidence of the PNPLA3 rs738409 GG genotype in patients with the aggressive phenotype was significantly elevated along with the stage of progression (p<0.001). 
Discussion
In Japan, many patients with NAFLD are diagnosed by US alone, because liver biopsies are associated with the risk of major complications, including intraperitoneal bleeding. Although some non-invasive scoring systems (the NAFLD fibrosis score, the BARD score, and the APRI and FIB-4 indexes) have been used to predict fibrosis (11) (12) (13) (14) , these studies were principally aimed at differentiating the advanced stages of fibrosis (3 to 4) from mild stages of fibrosis (1 to 2). However, in daily clinical practice, we need to detect the rapidly progressive type at an earlier stage of disease, and we should follow these cases more intensively.
In the present study, we created a discriminant formula to predict the aggressive phenotype of NAFLD that does not depend on the various markers of fibrosis. Similarly, some of the non-invasive scoring systems (the NAFLD fibrosis score, the BARD score, and the APRI and FIB-4 indexes) that are used for predicting fibrosis do not depend on the various fibrotic markers (11) (12) (13) (14) . There were two differences between our discriminant formula and the previously reported non-invasive scoring systems. First, our discriminant formula is can be used to predict the potential for disease progression in each NAFLD patient at the time of the first blood examination. Thus, in this study, we divided NAFLD patients into two disease phenotypes, the "aggressive phenotype" and the "indolent phenotype", based on the disease stage in several biopsies. In patients with the aggressive phenotype, the stage of fibrosis was maintained at or progressed beyond 2.
In patients with the indolent phenotype, the stage of fibrosis was maintained at <2. NASH stage 2 is defined by "perisinusoidal and portal/periportal fibrosis," and fibrotic progression in this phase has very important clinical implications; the next stage of progression is fibrotic bridging.
Recently, Vilar-Gomez et al. (23, 24) reported that weight loss (especially ! 10% weight loss) was highly associated with the level of improvement in the histological features and the resolution of NASH. However, in our study, in the cohort of the construct group, weight loss was observed between each liver biopsy in 3 of 6 patients (50%) [! 10% weight loss was observed in 1 of 6 patients (17%)] with the indolent phenotype. Similarly, weight loss was observed in 8 of 18 patients (44%) [! 10% weight loss was observed in 3 of 18 patients (17%)] with the aggressive phenotype. From this result, the use of the factor of weight loss alone may not be sufficient for predicting the resolution or progression of disease.
Second, we used a marker of necroapoptosis, "m-AST," to construct a new discriminant formula. CK-18(M30) is a prominent and specific marker of apoptosis in NAFLD that has been used in a clinical study in specialized tertiary care centers. Although several studies have reported the utility of CK-18(M30) as marker of apoptosis in NAFLD (25) (26) (27) (28) (29) , it is not useful in daily clinical practice because it is not easy for all institutions (including primary and secondary care centers and general clinics) to obtain. Realistically, in daily clinical practice for NAFLD patients, a commerciallyavailable marker of necroapoptosis, such as m-AST, is more useful.
In addition, our formula yielded very interesting results.
Our estimation formula predicted the ratio of the aggressive phenotype in each fibrotic stage of NAFLD, the ratio was significantly elevated in accordance with the progression of fibrosis, and the incidence of the PNPLA3 GG genotype was significantly elevated in accordance with the distribution of the aggressive phenotype (Fig. 2) . Recently, Singh et al. (30) reported that a low baseline AST:ALT ratio was a sensitive discriminant marker of the progression of fibrosis. In addition small proportion of these patients may rapidly progress to advanced fibrosis. Similarly, in our study population, five of the patients with the aggressive phenotype whose fibrotic stage was <2 at baseline presented a low baseline AST:ALT ratio (the median value was 0.47). However, the AST:ALT ratio changes along with the progression of the disease. Generally, the NASH patients with non-advanced fibrosis have a low AST:ALT ratio (<1.0), while those with advanced fibrosis have higher AST:ALT ratios. Progression is also associated with decreased fatty deposition. These results accurately reflect our impression of NAFLD in daily clinical medicine; the most important point was that almost 30% patients, even those with NAFL, who had the potential for rapidly progressive disease.
However, the present study is associated with some limitations. First, the older age of the aggressive phenotype group influenced the definition of the aggressive phenotype, because older patients generally have advanced fibrosis. Second, we used 120 patients who did not receive a repeated biopsy for our validation group to predict the latent aggressive phenotype in this study; thus, we cannot be certain of the accuracy of these results in predicting the aggressive phenotype. Singh et al. (30) performed a systematic review and meta-analysis of paired-biopsy studies and reported that patients with NAFL progressed by 1 stage over 14.3 years, while those with NASH progressed by 1 stage over 7.1 years; however, the median follow-up period in our validation group was 4.4 years. Thus, the transaminase levels, platelet counts and body weight should be followed over a longer period to evaluate the utility of D-APN in a future study. Third, this was a retrospective single-center cohort study that evaluated a small number of patients. A further large-scale multicenter study is needed to evaluate this discriminant formula in a larger number of patients who receive repeat biopsy. However, we believe that this new discriminant formula will impact the routine clinical care of patients with NAFLD, especially those whose disease shows the potential for rapid progression. We also think that the progression of many high-risk patients to advanced liver disease, including decompensated liver cirrhosis and hepatocellular carcinoma, will be prevented by the early detection of disease progression using this discriminant formula.
In conclusion, the new discriminant formula, named "D-APN," was useful for predicting the NAFLD patients who had a high potential for disease progression, and the distribution of the aggressive phenotype was associated with the distribution of the PNPLA3 rs738409 GG genotype. In addition, this formula is suitable for repeated use in daily clinical medicine. Its accuracy and reproducibility require further validation with larger numbers of patients in several countries besides Japan.
The authors state that they have no Conflict of Interest (COI).
Financial Support
Okinaka Memorial Institute for Medical Research and Japanese Ministry of Health, Labour and Welfare.
